Spatial and temporal correlation of nitric oxide synthase expression with CuZn-superoxide dismutase reduction in motor neurons following axotomy.
Axotomized neurons expressing neuronal nitric oxide synthase (nNOS) may use nitric oxide (NO), known for its antioxidant activities and ability to scavenge free radicals, to protect against oxidative stress. This hypothesis was tested by immunohistochemical examination of superoxide dismutase (SOD) in neurons of the hypoglossal nucleus (HGN) and dorsal motor nucleus of the vagus nerve (DMV) one day to ten weeks after unilateral hypoglossal nerve crush or avulsion combined with vagus nerve crush in adult rats, and also in neurons of the anterior horn (AH) one week after unilateral sciatic nerve crush or avulsion. In the HGN, emergence of nNOS coincided temporally with reduction of CuZn-SOD immunoreactivity (ir), and the level of reduction correlated with that of nNOS induction, differing only in magnitude between nerve crush and nerve avulsion. The two nerve lesion models further revealed the concurrence of nNOS abatement with recovery of CuZn-SOD ir, and absence of nNOS abatement with persistent low CuZn-SOD ir. In the AH, reduced CuZn-SOD ir was localized in the segments containing nNOS positive neurons as a result of sciatic nerve avulsion. CuZn-SOD ir was unchanged in the absence of nNOS induction following sciatic nerve crush. DMV neurons were devoid of CuZn-SOD ir. However, increased Mn-SOD ir one and two weeks post crush was similar to that in HGN neurons. DMV neurons lacked both nNOS abatement and CuZn-SOD ir, which may explain their particular vulnerability to cell death from axotomy in comparison with other peripheral neurons. These data suggest that axotomy-induced nNOS expression is causally linked to oxidative stress, and that NO is neuroprotective, but can become neurodestructive when produced in excess.